INTRODUCTION
The MMG LXML Sepon mine in Laos is located near an intersection of the Ho Chi Minh Trail and was heavily bombed during the Vietnam War. Some of the larger bombs penetrated several meters below the surface and present a safety hazard to mining operations. The highly magnetic nature of the near surface rocks and soils presents a significant detection challenge. We describe a fifteen day feasibility trial of the UltraTEM system at Sepon Laos where the objective was to detect Mk81 (250lb) and MK82 (500 lb) bombs to depths of at least 3.5 m across the entire site. With this clearance depth flitch clearances in 2.5 m increments could safely proceed.
METHOD AND RESULTS
The UltraTEM system comprises the following components (Figures 1 and 2 ).
(1) Gap GeoPak MLTX-200 transmitter and TXC-1 controller: The MLTX-200 is a battery or generator powered transmitter capable of transmitting up to 200 Amperes. It has evolved from earlier prototype transmitters built and tested by Gap Geophysics. The MLTX-200 transmitter is housed in a rugged pelican case (large pelican case on left-hand side of Figure 1 ). It is controlled by Gap GeoPak's TXC-1 controller which is also enclosed in a rugged pelican case (small pelican case on right-hand side of Figure 1 ). The controller is used to change the base-transmitter frequency and the duty cycle of the external transmitter. It is precisely synchronized to the 1 PPS signal from a GPS timing card.
(2) UltraTEM receiver; The UltraTEM data acquisition system (DAQ) is capable of simultaneously sampling up to 30 different channels. In the configuration primarily used at Sepon, four receiver cubes that are 10 cm x 10 cm x 10 cm in diametre were interfaced to the DAQ. Each cube has three orthogonal coils to provide a total of 12 receiver channels. An additional low-gain cube is used to track the primary field: this could optionally be replaced with a cube with normal gain to make a system with five receiver cubes. The DAQ is synchronized with the 1 PPS signal from GPS which allows it to operate independently of the transmitter. The array used at Sepon was 3 m wide and used a differential GPS for positioning. (3) DC10LV-Genset: The DC10LV (LV= Low voltage) is a custom designed petrol generator with a 10 kVA power-output that is capable of supplying up to 170 Amps to the MLTX-200. For the Sepon trial it was installed on the back of a pickup truck. (4) Fixed wire loop: UltraTEM surveys occur inside a fixed wire loop that can be any dimension up to a limit that is dictated by the power output capabilities of the generator.
A series of eleven tests were performed on the UltraTEM system and the detection results are summarized in Table I . Tests were conducted in a number of different areas characterized as either "high-mag" (ROM-5, PVT, TKSD-E, PVT) or "low-mag" (PBB2). Across all site conditions, all fifteen seed items buried at 4.0 m or less were successfully detected by the system, generally with very few false alarms. When combined with the nine items encountered in March, the UltraTEM system has detected all twenty-four seed items buried at 4.0 m or less. For the trial, six items were buried deeper than 4.0 m including three in low-mag areas and three in high-mag areas. All three seeds in the low-mag area were detected including two MK81s buried at depths of 5.25 m. In the high-mag area, one seed at a depth of 4.5 m was detected, while the two seeds at 5.25 m depth were not detected.
A subsequent trial of the same system on a magnetite stockpile demonstrated an ability to detect GET items to depths of over 2.5 m (Figure 2 ).
SUMMARY
The UltraTEM Deep metal detection system combines a rugged, fast-switching transmitter with a powerful custom designed generator and one to ten threecomponent receiver coils that collect time-domain electromagnetic induction data across a wide time-range. The roving receiver is operated inside a fixed loop of copper cable, typically 30-150 m long and 5-50 m wide. The large size of the loop results in a slow falloff in primary field with depth and effective excitation of deep buried unexploded ordnance as well as other metal objects such as Ground Engaging Tools (GET). We describe the results of an extensive trial of the UltraTEM system at a magnetically challenging site in Laos. The UltraTEM was able to detect all seeded items buried at depths down to 5 m across a wide range of site conditions. Subsequent work with the system at a different site demonstrated an ability to detect GET to depths of at least 3.0 m in a magnetite stockpile. 
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